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ABSTRACT 


Mimo wpaper as Concerned with some aspects of alpha 
training and the effects of alpha wave on the human auditory 
sensitivity threshold. Fifteen subjects composed of seven 
meditators and relaxed persons and eight non meditators volun- 
teered for alpha training. Eight subjects received feedback 
and seven subjects received no feedback during seven sessions 
in order to evaluate the percentage of alpha produced. After 
Paw soma oraining sessions, five subjects among the fifteen 
mliegects who produced the highest percentage of alpha were 
used to measure and compare the auditory sensitivity thresholds 
under normal state and alpha state. 

The results were that the meditator and relaxed person 
meeup produced a higher percentage of alpha than the non 
meditator group at .05 level of significance. the Feacbocl 
Broup fenerated a statistically significantly higher percentage 
Memolpna than the non feedback group at .05 level. The 
auditory sensitivity thresholds under the alpha state did 
Moe Gdiifer significantly EL toe saudi toryesecnsilivivy vtores— 


holds under Mommies cave tau 205 level of significance. 
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tN TROP CT ION 


MiPomeamo umpire sctbo ma eresecarcn Study on the relation 
between alpha brain wave and human auditory sensitivity 
mareshold. 

Dimimadenteaesthis end, there is a focus on the relation 
Metween auaitory SeEnSitivity and states of consciousness, 
emaeen the erfect of Diofeedback training in altering normal 
ee Omelet oWeteos LO tne Oesired State of consciousness 
(alpha state). 

immerder to Undersuanad the goals and results presented 
merc Daper, 10 4S necessary to have some background infor- 


flee pon concerning each of these areas of interest. 


pee HUDITORY SENSITIVITY 

i Itemourmuiuis ot ahearang 

Live otetimnon witcha camoe (communicated to the hearing 

Heetanitah taeecapaute Of arousing hearing sensation. Stimulation 
Meelis MOscs commonly by Sound waves, in air, but occasionally 
by sound waves in water or directly in the bone of the head. 
PouUna Waves in any medium consists of rapid vibratory motions 
of the "particles" constituting the medium. They are called 
Maves because the motion of one particle tends to disturb 
mi mocyaceci> part Cle, whachean turmedasturbs the next one, 
So that the waves of disturbance pass through the medium. 
~eMma waves are Characterized by different physical features 


Seegmocmereaguency, aiiplivude, phase, and intensity. Frequency 


? 





monde tminedmass hie mumber of cycles completed per unit of time. 
Amplitude is described as the amount of diplacement of the 
Peete ecu re hea im Ciltmer direction from the position of 
rest. Phase is the stage toward which vibrating motion has 
waneccmpron ipo starting point Or pOoSition of rest. Intensity 
meorpcescrived aS pressure variation. These different charac- 
Paotstles OCLescounad promote the limitation of human auditory 
meenanism im its ebilaty to respond to acoustic energy. 
2. The Auditory System 

VeomclemaborvesySLeMmeconsists Of the receptor organs 
(the ears), the neural conductive mechanism and the central 
mee yecCtlOn areascein the cerebral cortex of the brain. To 
mem a Complete physical and functional description of all 
Peewee oemens would become rather complicated. To serve the 
meiepose Ol tLhis Study, however, if is necessary to know only 
mae neural conductive mechanism, and the central projection 
Sato Wee cerebral cortex of the brain. 

a. The Neural Conductive Mechanism 

ie OUMmGe atGermm@icongmaLring an the air, is 

received by the ears (outer, middle and inner ears) and pro- 
Soosca by the neural conductive mechanism which is the primary 
conductive mechanism for the sense of hearing. This is the 
auditory portion of the eighth cranial (acoustic) nerve. 
the afferent neurons of the eighth cranial nerve make contact 
Peete iain ce lls Oot Gace organ of Corti; each nerve fiber 
connects with one or more inner hair cells. The external hair 
Gells;, however, are innervated by multiple fibers. Located 


TMiiiechemeelyral core Of the cochlea in the spiral ganglion 


LO 





PoC oeriearewuiescell bodies Ol approximately 30,000 ganglion 
cells whose axons form the beginning of the auditory branch 
aot wemome met antial nerve. The fibers of the auditory nerve 


mM to the 


leave the cochlea at its base and extend about al 
eochlea nuclei of the medulla. These synaptic connections 

are made with second order neurons which proceed to other 
centers. Some of the axons of the second order neurons from 
mPiewiraieioeana leil cars remain in their respective cerebral 
Memmespiieres, OUL Many OUmMers cross the contralateral side and 
Meee conmmections at the level of the pons. Third order neurons 
PA cUmmtiOwataitetie lateral lemmiscus, terminating in the 


Maem rorecolliculus Of the midbrain or continuing to the 


medial geniculate body of the thalamus. From the medial 


Tadiation fibers in each hemisphere which spread to the appro- 
priate temporal lobe (right or left) of the cerebral cortex. 
Dade oemtal=rrojection Areas 

ticwioueat cConmectton trom the cochlea structures 
to the temporal lobes are complex, but three major points 
Emoubaupes stressed. First, both ears have connections to the 
mroneeana left temporal” lobes, thus providing neural pathways 
Peewee ibel Olnauvral adntberactlon can occur. second, in the 
Picea memechanism Of hearing, in each auditory cortex, different 
frequencies of excitation at the cochlea are projected and 
MeecmerZzeqdsat digitereny cortical regions. Tone of high, middle 
Puowrew irvegueney are separated spatially in the cortex as they 


fee memauaditory nerve. Third, the decussation of fibers 
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of the auditory nerve produces a conditon in which cortical 
responses from the contralateral ear are stronger than those 
from homolateral ear. 
Cee De eenUuGITeOry oemsilivievy Threshold 

The theory prescribed in part 1 and 2 indicates that 
Hiemounenealdishormy mMeehanism is limited in its ability to 
respond to acoustic energy. Consequently, the absolute 
sensitivity of the auditory mechanism is Bie oaaaGy determined 
by the minimal energy needed to produce a sensation of 
fee i tomboutroterred to as the threshold of sensitivity. 

In 1824, Herbart introduced the term "threshold" into 
DBsychology with his definition of "threshold of consciousness. 
This was specified as that "boundary which an idea appears to 
Peecceac at passes irom the totadivy inhibited state inta some 
degree of actual ideation." 

iiemelasstealenothen of threshold, as held by Fechner 
(1860) was that the brain in its waking states was physio- 
PeoiGgawiywaculVve. in order for an iancoming stimulus to be 
feveewed lt Naa tO generave neurological excitation which 
Poser ly  barger tThansthoese residually present as the 
test enOl une SpOMtaneous activity of the brain. A liminal 
stimulus difference was one which "lifted the sensation 3 
sensory difference over the threshold of consciousness." 

Nowa tuoemendmmechhnerm’ sanotion of threshold has 
promoted 4 direct relation between sensitivity threshold and 
SueeomotecOnsclousness. The latter will be discussed in 


SECTION °C. 


dis 





4, Mental Fatigue and Perceptual Sensitivity Performance 
Welford (1965) defined mental fatigue as the impair- 


ment of some brain mechanism as a result of long continued 
use. One of the explanatory models of mental fatigue is the 
Gouron Oo: local neural impairment. The traditional assumption 
1s that some group of nerve cells concerned with the perfor- 
mance or with some essential link in it, become insensitive 

Gr unresponsive through continued activity. This can account 
for slowing of performance by assuming that some stage in the 
femeory-Movor Chain requires a stronger stimulus to operate 

it and that given level of stimulation can be integrated over 
time. 

Mackworth (1950), while studying performance on an 
performance. This occurred when Mackworth studied an auditory 
Pook Wit Chmerequired SUDJecTS to listen for two hours to @a 
series of 1000 CPS tones of two second duration occurring 
about every 18 seconds. Mackworth found that in his first 
experiment, the percentage of -signals missed at the end of 
first. half hour was 15.7%, and at the end of second half hour 
25.8%. Over the next two half-hour periods, performance showed 
ictie further deterioration (26.8% and 28.0% signals were 
missed). In the second experiment he reduced the length of 
emewtask to one hour, with the result that 13.0% to 15.3% 
signals were missed in the first half and 24.2% to 30.4% 
ma the second. In the third experiment, he reduced the length 
Peeicieestililewurtier to 30 minutes, with the restriction 


Miapeeuojects Worked and rested for alternate 30 minute periods 


nS 





over two hours. The mean incidence of signals missed over the 
four periods of the task were 18.1%, 20.7%, 16.5% and 18.5%. 
These data indicated that a rest pause of the same duration 
momsuttletene bo restore the subject efficiency to its former 
Mec 

Fraser and Samuel (1956) noted that physical fatigue 
Peercs Comparavively little effect upon vigilance performance 
while mental fatigue brings about considerable deterioration 
of performance. Mast and Heimstra (1964) compared three 
Pocmole COmalbions with each other and with a control condi- 
mom. Ln tlhe first fatigue conditon subjects worked at 
femeoal multaplication problem for four hours before performing 
the driving task for four hours and were additionally required 
EOmGeteooct brichtress changes in 2 
about seven feet away at the end of the roadway. The two 
hour visual vigilance task involved the detection of bright- 
Mess Changes in a spor of light; subjects gained five cents 
Per eecacih) sapnal detected and lost ten cents for each error 
Som ssi0n or commission. The two kinds of errors were 
Summed in analysis, which showed that the first fatigue con- 
dition, said to involve mental fatigue, produced a greater 
Mie! Sel werrors tian either thescontrol conditions or the 
other fatigue conditions, which were supposed to involve 


meey cial orm “skill” fatigue. 


loi Pte ster OF CONSCLOUSNESS (ASC) 
Leen oom aeciamead a state Of CONnSCiOUSNeSS as an overall 


maeeerniie O1n psychological functioning. <A normal state of 
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Comectemenesocecan be considered as a resultant of living in 
a particular environment, both physical and psychological. 
The normal state of consciousness for any individual is one 
wae has adgapvaive Value within his particular culture and 
environment. An altered state of consciousness may be defined 
as a qualitative alteration in the overall pattern of mental 
functioning, such that the experimenter feels his consciousness 
meet acacally GQifilerent from the normal way it functions. 
honeilareGoamulooojmctated that the different states of 
consciousness are reflected through different states of the 
nervous system. Krippner (1969) defined different states of 
eonsciousness as the mental states which can be subjectively 
recognized by an individual (or by an objective observer of 


eae wee pas 
Mats ao 


Cu 


wie ida Va 
meet lonane from that individual's "normal" state. 
Peeierocneowon of ASC 

Lindsey (1961) stated that ASC's may be produced in 
any setting by a wide variety of agents or maneuvers. These 
marOds Imeertere with the normal intake of sensory or pro- 
PeroccOomavewouimul and=the normal output of motor impulses 
Sotae normal flow and organization of cognitive processes. 
there seems to be an optimal range of exteroceptive stimu- 
lation necessary for the maintenance of normal, waking 
Semecloveness. Levels of stimulation either above or below 
this range appear conductive to the production of ASC's. 

Hebb (1958) found that varied diversified environ- 
mental stimulation appears necessary for the maintenace of 


% 


MormamecOnilulve, perceptual, and emotional experience. When 


IS 





Such stimulation is lacking, mental aberrations are likely 
fo occur. Although experimental evidence is sparse concerning 
the manipulation of motor, cognitive, and emotional processes, 
there seems to be ample clinical and anecdotal evidence to 
Suggest that gross interference with these processes may 
Jikewise produce alteration in consciousness. 
The methods of producing ASC's may be categorized as 
Ol OWS : 
a. Reduction of Exteroceptive Stimulation and/or 

Mevorm ActIvicy 

Under this category are included mental states 
Pesulting primarily from the absolute reduction of sensory 
ioe, tne change an patterning of sensory data, or constant 
eesposure to repetitive monotonous stimulation. A drastic 
PmcwetolOn Of Motor activity also may prove an important 
memurrouving factor. 

PurreveeGmeme) and Meltzer (1956) associated 
Pesolubtre reduccion Of Sensory input with solitary confinement. 
Anderson (1942), Gibson (1953) and Slocum (1948) related the 
emenge in patterning of sensory data, or constant exposure 
BO repetitive monotonous stimulation to the situation while 
Peesecea. bird (1936) and Ritter (1954) associated this sensory 
feprived Suave with the situation while in the arctic. Mosley 
(1953) related this same sensory deprived state-to the situation 
while in the desert and to the experience of highway hypnosis. 
Taio oo mascs@crtared a drastic reduction of motor activity 
with the "break off" phenomena in high altitude jet pilots 


mor lbewHeron (1957) related this state to extreme boredom. 
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pemelncCrwedse Ol waxlLerocepLive Stimulation and/or 

Motor Activity and/or Emotion 

init ee ene solr yearc ancinded Excitatory mental 
States resulting primarily from sensory overload or bombard- 
items. Inese staves may or may not be accompanied by strenuous 
meelecateaclLiyivuy Or exertion. Profound emotional arousal 
Bmmommenoal faylcue may be major contributing factors. 

Sargant (1957) related the excitory mental state 
resulting from sensory overload produced by grilling or "third 
degree" tactics and brainwashing. lLabarre (1962) and Marks 
(1947) related the profound emotional arousal state to the 
MmyperkKinetic trance associated with emotional contagion 
encountered in a group or role setting. Sargant (1957) and 
nas “seme Seyate to religious cenversion 
Peete aline trance €xperzences during revivalistic meeting. 
Alteration in consciousness may also arise from inner turbu- 
lence or conflict conducive to heightened emotional arousal. 
map tcowOl Unese Staves Would include fatigues, amnenas, 
meaumatac neuroses, depersonalization and panic states. 

e. Imrereased Alertness or Mental Involvement 

Under this category are included mental states 
mem appear to result primarily from focused or selective 
meeerarertness With resultant peripheral hypoalertness over 
a sustained period of time. 

Heron (997) found that the state which resulted 
in increased alertness arose from the prolonged observation 
Siertadar screen, prolonged vigilance during sentry duty and 
crow's watch. Ludwig (1965) noted that the hyperalert state 

a 





which resulted from mental involvement arose from the mental 
peo emonetmeemeask, such as reading, writing, problem solving, 
and total mental involvement in listening to a dynamic or 
eiaricnattemepeakers Magolin and Kubie (1944) found that 
the same state arose even from attending to one's amplified 
breath sounds. 

eee ecertesecemmctpmess Or Relaxation of Critical 

eeu iIties . 

Under this category are included mental states 
Porch appear Go occur mainly as a result of what might best 
be described as a "passive state of mind" in which active 
goal-directed thinking is minimal. 

Burke (1951) and Ludwig (1966) revealed that the 
passive state of mind may be described as mystical, trans- 
cendental or revelatory (Satori, Samadhi, cosmic consciousness). 
itjese States are attained through passive meditation or occur 
meemoeaneously Guring the relaxation of one's critical faculties. 
fmeamiya (1969) notes that the "alpha state" which results from 
mm~ereecDack Uraining may be placed in this category. 

e. Presence of Somatopsychological Factors 

Under this category are included mental states 
Primarily resulting from alterations in body chemistry or 
neurophysiology. These alterations may be deliberately 
maduced or may result from conditions over which the individual 
mes little or no control. 

Patiabe  (19OL) nobea that such ASCs may arise from 
hypoglycemia (lack of sugar in blood) either spontaneous or 
Seweequenu vO tasting, hyperglycemia, dehydration, etc.. In 


~ 
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Seer rOmweoos May Oe induced through the administration of 
Mime rOUsmolarmacOlogical agents. These drugs include anes- 
(eles. Dayeneaclics, narcotics, sedatives and stimulants. 
Se emucweovalecnaracverasStics of ASCs 
Ludwig (1966) indicated that despite the apparent 
differences among ASCs, there are a number of common denomi- 
nators or features which allow a conceptualization of these 
ASCs as somewhat related phenomena as follows: 
ae a Gera Oman kane 
SUplioCmaemOmarineDamees Imasconcentration, attention, 
memory and judgement represent a common finding. Archaic 
Mmeaecs Of Lhought predominate, and reality testing seems 
impaired to varying degrees. The distinction between cause 
mma eifect becomes blurred. and ambivalence may be pronounced 
feetreoy 1neCOnsrualties Or Opposites may coexist without any 
Deychological conflict. Moreover, as Rapaport (1951) and 
Brenman (1950) have commented, these states are associated 
metmaea decrease in reflective awareness. 
Pemeoesvuuroed Lime Sense 
Sense of time and chronology become greatly 
altered. Subjective feelings of timelessness occur. Time 
seems to come to a standstill; time also may seem infinite 
or like an infinitesimal duration (Ludwig, 1969). 
Cap eebees Of Control 
Diem seentemce, or “loss of control" is a compli- 
Svea pnenomenon. Relinguishing conscious control may arouse 
eles Of ampouency and helplessness, or, paradoxically, 


may represent the gaining of greater control and power through 
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Paew Ose Ol COmMEroli. sis latter experience may be found 
in hypnotized persons (Kubie and Margolin, 1944; Gill and 
Brenman, 1959). It may also be found in audiences who 
vicariously identify with the power and omnipotence which 
Mey Gouribuve to the hypnotist. 
deere Halon moriGnal Hxpression 
Viet hem@nminution of conscious control or 
inhibitions, there is often a marked change in emotional 
expression. Sudden Bid unexpected displays of a more primi- 
tive and intense emotion than shown during normal, waking 
consciousness may appear. Emotional extremes, from ecstacy 
and orgiastic equivalents, to profound fear and depression, 
commonly occur (Ludwig 1969). 
S. een races tnence 
A wide array of distortion in body image fre- 
mete ly OCCUr fmeyoUS. “there as also a propensity for indi- 
weouals tO experience a profound sense of depersonalization, 
a schism between body and mind, feelings of derealization, 
Sr a Gissolution of boundaries Meeicen fem sana Obners, the 
Woeld Or Universe. 
ets taroed Perception 
Vormmenmmvormos;, AstCSs 15 the presence of perceptual 
Meera nron. tne ludaing hallucinations, pseudohallucinations, 
m@ereased VisiWal imagery, subjectively felt hyperacuteness 
of perception and illusions of every variety. In some ASCs, 
wicwwasmune@se produced by psychedelic drugs, marijuana or 
mystical contemplation, synesthesias may appear whereby one 


form of Sensory experience is translated into another form. 
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VOrNwCxemple, persons May report seeing or feeling sounds or 
being able to taste what they see. 
g. Change in Meaning or Significance 
Persons in ASC attach an increased meaning or 
Significance to their subjective experience, ideas, or per- 
feels wee bles vime, Gu appears as though the person is 
undergoing an attenuated "eureka" experience during which 
feelings Of profound insight, illumination and truth frequently 
occur. (Ludwig, 1966). 
h. Sense of the Ineffable 
Most often, because of the uniqueness of the 
Subjective experience associated with certain ASCs, persons 
claim a certain ineptness, or inability, to communicate the 
Meee Or eesence of the experience to someone who has not 
undergone a similar experience. 
i. Feeling of Rejuvenation 
iMovie ronecervalin profound alteration of 
consciousness many persons claim to experience a new sense 
BueiOpecmmreaUVvenarsion, renaissance, or rebirth (Labarre 1962, 


Boe, 1976). 


C. ALPHA WAVE 

Alpha is the name given to the wave length of one pattern 
SepcleCurical a@CtaVicy produced by the brain. It measures 
PesGomuOrtuWelve cycles per second, according to most authori- 
ties. However, a few scientists choose to chart alpha wave | 
Rhe@Otesevel LO thirteen cycies per second. The alpha brain 
wave varies in amplitude or strength in each person based 


upon individual differences and on past training. 
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Hans Berger, a German psychiatrist, is generally given 
eredit for disccvering alpha brain waves in 1929. Although 
alpha waves have always been produced by the brain, the 
discovery of this characteristic brain wave had to wait until 
1929 because adequate machinery had to be developed before it 
Was possible to detect this subtle energy. It is measured 
meme Oovoluowana ranges from 20°to 150 microvolts. 

lle Siowudee Toi eieseyen 

Inside each person iS a private universe. Fifteen 
MeeerouwoOr more cells Compose the brain and, like the stars, 
mieweataxy OL brain cells 185 arranged in bunches and groups. 
These "cell galaxies" are called cortical areas of the brain. 
mae mosteevideny cells are those of the cerebral cortex. These 
retain stimuli like higher universities of kincowledgée, while 
mee Ovner cells can be compared to through stations and paths 
of information like a primary elementary school. 

Many layerosimake Upsethe brain; almost like a fresh 
Zoviube se okin emvelope Surrounds it all and the skull acts 
mea erotvectave shell. Under this is the inner skin of the 
Sort membrane which covers the hardish matter of the brain. 

The exquisite kernel of dura matter lurks inside all this 

like a kernel of consciousness. The cerebral cortex, the 
Brainstem, and the cerebellum are the three areas of the 

brain. Both brainstem and cerebellum are called “white matter" 
areas because of the white color of the axons covering them. 
ae eto eeeorye 15 MOouly prayish in color, from the gray 


appearance of the neuron bodies. 
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Mien tomacuually a pair of brains, with two 
independent "hemispheres" on the right and left like separate 
Cemvuinenus. Generally, one hemisphere is dominant. Women 
tend to have a more even balance between hemispheres than 
men. Paul Bakan's (1971) controversial hemisphere study 
pmeredncCeytain Cliaracteristics for the left and right 
hemisphere dominance. He suggested that the left hemisphere 
Pealo Wren raursonal, objective, active, tense, verbal, abstract, 
emote, and@eesyYmpachnetic qualities. He states that the 
right hemisphere is concerned with the preverbal, spatial, 
mien Onal, passive, subjective, relaxed, and depressed 
@ealities. 

When someone is best described by one set of adjectives 
over another, Bakan (19/1) proposed the corresponding nemispnere 
mmprolvably the dominant one. According to the theory, the 
analytical verbal person will ponder, and glance upward and 
Pomvicw. telitea Oppe@sati0n to his dominant brain hemisphere, 
the left hemisphere. The emotional, subjective person will 
move his eyes upward, and to the left, as the thinks about 
the answer to someone's question signifying dominance of his 
right hemisphere. Bakan (1971) noted that people with right 
hemisphere dominance generally produce alpha brain waves more 
Saoetly than people with left hemisphere dominance. 

The base of these two hemispheres in the brain is 


Pomnected With white matter, like a network of tissue bridges 


and girders. Each hemisphere is divided into areas scientists 
See rOves.) Hach is eCnveloped with supporting membrances, the 
three meninges. These meninges are tough fibrous membranes 
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legenereouramiier vue ald a SOlLter pia matter, all protecting 
Miemoraim-) Ie areas Called lobes "are the frontal lobe, in 
meomu Of the brain, the parietal lobe, on the top of the 
Head, une occipival lobe, behind the parietal, about where 
wV@ee mack Of the head rounds out to its furthesr peak, and 
Mies cemporal tobe connecting the occipital to the frontal 
lobe. 

TCleMmesbomaveacimapecitac functions to the lobes of 
the brain. Alpha waves are most likely to occur in the 
weempital Lobe, which is linked to visual impressions, abstract 
Paiinking and conceptualization. The frontal lobe is the 
reflective contemplative area. The temporal lobe, the center 
Sueerorda and sound formation is thought to be most prominent 
mmmerOMmeONe 15 am auaQivory Person OF CMe wine lcarns most quickly 
through a lecture rather than through reading a book. 

ee Properties Of Alpha States 

The alpha state has been described by scientists as 
@estate of consciousness where alpha brain waves are abundant. 
mets Stave, moreover, has the following properties: 

aumerrectrrcal Properties 

Ppiewanpltiuude yarves from 2O microvolts to 150 
mercevOolts. Alpha varies from person to person and has dif- 
erent peaks for different people. 

b. Physiological Properties 

Edward Bokert (1969) noted that metabolism 
decreased, temperature and blood pressure dropped, respiration 
Pea heart beat was llowered, and muscle tension fell to low 
Mevyels as alpha was produced in a person. 
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Cree sv cnomocreal Properties 

Kamiya (1969) pointed out that alpha state is not 
just a kind of relaxation, which leads to drowsiness, like 
igeine down tO rest and nap. Instead alpha is a specialized 
fewexataon with a certain kind of focus of attention that 
increases awareness. Moreover high alpha producers tend to 
Memocnsitive and empathetic. 

Bokert (1969) said "when people are more relaxed, 
they do not feel as excitedly aroused and can openly devote 
their full attention to everything around them." 

Fehmi (1969) called the alpha state one in which 
there is "enhanced ability to attend, have presence, awareness 
Semeobention. This should have implications for various 
meats Of periormance vasnxs which 
Save . 

Budzinski and Stovya (1969) noted that people became 
more sensitive and sometimes felt vulnerable as they became 
aware of their own alpha brain waves. Most people described 
alpha as a pleasant feeling, a sensation of well-being, 
meeanguility and relaxation. 

Soe eaitbataon and Alpha Production 

a. Zen Meditation 

Zen meditation means the sitting meditation which 
imoerind Of religpious exercise in Zen Buddhism. In Japan, 
meetenware two Zen sects named Soto and Rinzai. Both sects 
meee oe4azen as the Most important training method of their 


Siecipliines FO Enlighten the minds. Zen sitting is performed 





Mmm eworDascsc Meditation forms. A full cross~legged sitting 
ema a half cross—legged sitting. During the Zen sitting, the 
Gdisciple's eyes must be opened and look downward about one 
meter ahead, and his hands generally join. In a quiet room, 
Pomc ci ole uot Ss Clleaeound Cushion and practices the medi- 
melon for about thirty minutes. Sometimes the intensive Zen 
i[eainine 1s performed 8 to 10 times a day for about one week. 
Sic s calle@=oesshin in Zen= Buddhism. 

Hirai (1960) stated that the disciples do not 
engage in "normal" secular daily activities but live the 
religious life following a strict schedule. Many of the 
fececiples Work in the garden; in the kitchen, and in various 
memawork kinds of activities. 

Pee oe terre Zen meditation, it 18 said that man 
Zaevecome Cmancipatred trom the dualistic bondage of subjec- 
Mevroy and Objectivity, of mind and body and of birth and 
Meaui. And he can be free from self consciousness. It is 
Said he can be awakened to his pure, serene and true self. 

In an EEG study of Zen meditation, Kamatsu and Hirai (1969) 
momma that aiter Zen meditation has started, the well organized 
alpha waves of 40 to 50 microvolts, 11 to 12/sec. appear 
fearieoon seconds ti all the brain regions and continue for 
several minutes in spite of opened eyes. After 8 minutes 

and 20 seconds, the amplitude of alpha waves reaches to 60 - 70 
Pew volups Dredominanvily in the frontal and the central regions. 
maicially, these alpha waves alternate with short runs of the 
Pai vatreneepatteri, bDUt a fairly stable period of the persis- 


tent alpha waves ensues during the progress of Zen meditation. 
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After 27 minutes and 10 seconds, rhythmical waves of 7 - 8/ 
peeorcme seat tor one to two seconds. And 20 seconds later 
rhythmical theta trains (6 - 7/seconds, 70 - 100 microvolts) 
meet) FO appear. However, this does not always occur. After 
the end of Zen meditation alpha waves are seen continuously 
and two minutes later alpha waves still persist. It seems 
imme the atter—-efifect of Zém meditation. 

Kamiya (1969) also invited Beye Zen priests, 
Meeetrcea if meditation to come into his laboratory to monitor 
their peain We cowmmerc 1Oounad thay they Learn to control alpha 
mae more rapidly than most subjects and that they appeared 
memeo sO Lhrough meditation procedure. <A number of studies 
mone CiyoLlologueal correlates of meditation support this 
on (Kamiya, Bagachi, and Wenser (3957): Anand. 
Chhina and Singh (1961); Wallace (1970); Kasamatsu and Hirai 
(1966). 

b. Yoga Meditation 
(1) Yoga 
(a) Strictly speaking, Yoga refers to a 

meen ot Bellems and practices whose goal is to attain a 
pumion of the individual self with Supreme Reality or the 
Universal self. There are several systems of Yoga in this 
sense (DAS, 1963; Wood, 1959; Woods, 1927). Each has an 
Peageeeal—relip1ous G@iscipline at the core and each sees the 
mrance State of samadhi as the final step in attaining “union" 
With Supreme Reality. However, each system of Yoga emphasizes 
somewhat different processes for the attainment of samadhi 
mmieunmton. —§ FOr instance, the eightfold system of Raja Yoga, 
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taught by Patanjali includes self control (yama), religious 
observances (niyama), physical postures (asana), regulation 

of the breath (prarayama), suppression of the flow of external 
sense impressions (prtayahara), concentration or fixed atten- 
tion on an object (dharana), meditation or contemplation of 

Bm Object for a llong period of time (dhyana) and, finally, 
Meteo Ol waocOrDulen Or trance in Which the person is no 
longer conscious of his concentration (samadhi). 

(b) In its popular usage, especially current 
mene West, the term Yoga has come to be associated more or 
Wess exclusively with the physical postures (asana) and the 
regulation of breathing (pranayama). This popular usage is 
moot Ound 1n Indian philosophy. An individual who merely 
oractices the vostures and the breathing exercises (as some 
do for health or therapeutic purposes), without a concomitant 
Seis eCraploOMm tO a Spirit Of discipline and to the goals of 
meen is Simply practicing a few yogic exercises. He is not 
meseurcing Yora in the strict sense. 

Coo ee em cetmevoei has a strict meaning. 
A Yogi is described as a person who has obstensibly attained 
the goal of Yoga, namely samadhi or a "yoking with" or "union" 
with Supreme Reality. Yoga aims at freedom from the "world 
illusion" through the achievement of samadhi. 

ee Oecd ohne Production. In an EEG session, 
Baeachi and Wenger (1957) noted that Yogic meditation represents 
deep relaxation of the autonomic nervous system without drow- 
Siness or sleep and a type of cerebral activity without highly 


accelerated electro-physiological manifestation. In waking 
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alpha pattern was also seen. It ranged from 8.5 to 11 cycles 
per second and with strengths of 20 to 100 microvolts, some- 
times one-half or one beat slower, and sometimes with good 
emplavude modulation and regulation. Anand, Chhina and 
Singh (1961) have studied the physiological correlates of 
Yogi meditation. Investigation by these authors indicated 
that the meditative exercises practiced by the Yogis they 
tested were accompanied by a high percentage of alpha. 
Generally, both alpha amplitude and percentage was quite high 
while the subjects were meditating. 
ec. Transcendental Meditation 

Maharishi Mahesh Yogi is the founder of transcen- 
dental meditation. He 1S a metaphysician with a degree in 
physics Protmeie Ureayersity OF AHllanabad, India. As a young 
man, the Maharishi abandoned western science and went on a 
Spiritual pilgrimage. He studied with a teacher called 
Guru Dev. He lived in a care in the Himalayas for two years 
ema ater, on an inspiration, he wandered through the forest 
mee ooucnern India, as every Yogi of great spiritual ambition 
must. 

In mid 1950's, the Maharishi relinquished his 
Peercuvde., ie began to teach, and his lectures remained the 
same. He has lectured around the world and taught thousands 
of people the technique of transcendental meditation. 

The purpose of Menecendental MeCuravton ls te nelp 
ieeeviduals ©xpand their minds, develop their creative intel- 
imeeerce and fase Use Of their full potential in studies, career 


and recreation. 
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Transcendental meditation is a natural technique 
which. allows the conscious mind to experience increasingly 
[ere submle Staves Of thought until the source of thought, 
the unlimited reservoir of energy and creative intelligence, 
is reached. This single practice is said to expand the 
mare ty Of tile COnsSci0us Mind, and a man moves toward full 
use of his potential in the field of thought and action. 

Wie Come le sCie transcending the level of conscious 
thought is a "mantra." A mantra is a sound Palen from Sanskrit. 
ies Siven to the practitioner of TM by a trained teacher who 
Pacers iaein 2£bo USe @t an agnitiation. TM is practiced 
Meee ra day 1Or 15 to 20 minutes, sitting in a comfortable 
DOSILiOnN With the eyes closed. Unlike some other meditation, 
Mmmoioece mol USE CONcCentravlion DUL ratner “passive voliticn" 
as is used in Autogenic Feedback (Green et al, 1970) for 
Pomrrol Of the autonomic nervous system. 

Matiari sii 1969) emphasized that TM "is neither 
meee NOt —CONLeEMplavion nor concentration. The process of 
meee ivractOnm and COnvemplation each hold the mind on the 
conscious thinking level, whereas transcendental meditation 
Sysvematvically takes the mind to the source of thought, the 
pure field of creative intelligence." 

Wallace (1970) noted that during meditation, the 
transcendental meditator showed changes in oxygen COMSuUmMp TON, 
brain waves and skin resistance. He observed increases in 
Pip iaewaves GuUring meditation, particularly in the frontal 
areas cf the brain. The alpha waves were more intense than 


TletmivsomwsuUojecus merely close their eyes. The meditators, 
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moreover, were deeply relaxed. In other words, they were also 
awake as their reactions to stimuli demonstrated. More 
recently, Wallace and Benson (1971) studied the physiological 
effects of transcendental meditation in American subjects. 
Me subjects had been practicing meditation procedures for 
Meriods of between one month to nine years, with the majority 
of the subjects having had from two to three years of 'training" 
(two 15 - 20 minute sessions per day). In these exercises, 
the subject sits in a comfortable position with eyes closed. 
maeemedilLavor then perceives a suitable sound or thought. 
PoamiealueauGeMmpbing FO Concentrate specifically on this cue, 
ae owe roeieMa to experlence it freely. Thinking, as the 
Meeacultvioners themselves report, rises to a finer and more 
cvel in an easy and natural manner. Wallace and 
Benson (1971) found these meditation procedures to be associ-~ 
Peea with marked intensification of alpha waves in all Sup jcerae 
4, Relaxation and Alpha Production 

Most people when generating alpha express the feeling 
Gf re’axation. Erickson (1967) and Kamiya (1969) described 
mie 200d alpha subject as a person who appears interested, 
mouaewea, and cOmiorvable. These individuals look people in 
the eyes and feel comfortable in close interpersonal relation- 
eo ees oescriplion, 1b Should be noted, is ued to define 
relaxed persons in the present study. 

Mimconvesb co ble description of Erickson (1967) and 
Kamiya (1969), Saul and David (1949) noted that aggressive 


individuals were low alpha producers. Glaser (1963) stated that, 





"tension, apprehension, and anxiety lead to a decrease in 
alpha activity." | 

(iMcwmmeeiemabove findings lead to hypothesis one: 
meditators and relaxed persons may produce higher amounts of 


alpha than non meditators. 


D. BIOFEEDBACK 
Ne ieee ile. OM 

Biofeedback is a new term for a new technique. "Bio" 
comes from the Greek word bios, meaning life or living organism. 
"Reedback" is a technical term referring to giving back the 
mec, Ol 4 process to its source. 

Biofeedback occurs when people receive information 
eee moncir internal state. Tne information is sent 
through a mechanical device, known as a feedback instrument. 

Wiewemeteeadback techniques are based on the principle 
that a certain response is made when informational feedback 
is received by the organism. These reponses are adjusted, 
Mievecwea and mModrtiled as feedback is continually received 
Matai it as determined that a final goal is achieved. This 
mew 12610 of research has important implications for the 
meudy Of altered states of consciousness. 

eweeeeotcedback=and Alpha Training 

Kamiya (1962, 1967, 1968, and 1969) was the first 
Mivesvtvimavor to attempt the study of operant control of EEG 
alpha and associated changes in mental activities. 

Kamiya (1962) was first interested in the question of 


Tier vereouman Subjects could be trained to discriminate the 
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mee we-worrmaoocilce Of alpna. Ine subject was told that from 
time to time he would hear a bell ring; when he heard it, he 
was to make a guess as to whether he was producing or not 
producing alpha. AS soon as he made his response, the experi- 
Paimeet eola hit ti Nhe was correct. The result indicated that 
after several sessions of training, most subjects had increased 
Pete edlsctimMimariton accuracy well above the 50 percent chance 
level. 

Cielo iooo.s tooo} then turned his atténtion 
to the question of whether subjects could exercise control 
Over their alpha activity and produce this brain wave pattern 
On command. He constructed an automated biofeedback system 
which employed an electronic device that would turn on a 
Sine-wave in the subject's room when the alipha wave was present. 
The tone would cease as soon as the alpha wave would disappear. 
Kamiya then conducted a number of experiments where he would 
Pee eviews ubjecu tO CUrMn the tone either on or off. In the 
first phase of this research, Kamiya only trained people to 
Meoress thelr alpha, finding that six of his seven subjects 
were able to perform this task (Kamiya, 1969). In another 
experiment employing three conditions (an alpha generation 
condition, alpha suppression and basal level rest period), 
Kamiya (1969) found a marked difference between generation 
and suppression. The basal level, however, was higher than 
the generation condition. These data, however, do not refute 
miesiacy thas autonomic learning has occurred, as it is quite 


likely that basal level alpha can change (Crider, Schwartz 
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and Shnidman, 1959). It should also be noted that alpha during 
eeemoemerauron tidals Was of a higher amplitude than the alpha 
presen. ineyne base line periods. 

Bundzen (1965); Dewan (1966), Mulholland (1967), Hart 
(1968) and others have also demonstrated that subjects can 
learn to control the appearance of their alpha wave in the 
EEG record through an auditory feedback loop keyed to the 
a@alipha which lets the subject know when he is producing a 
designed pattern. Dewan (1966) was able to learn to control 
wae Dresemee Or absence in his own EEG record so well that 
Memooulaeuse his EEG to send messages to a computer in Morse 
code. Hart (1968) has shown that subjects given a total of 
two minutes immediate feedback for presence of alpha brain 
wave, learn Taster than tnousSe who gust receive immedia 
back. Mulholland (1967) hypothesized that alpha wave was 
Memeaved tO DpOSition of the eye. He thought alpha increased 
when the eyes are moved to an extreme side or up position. 
However, a study of 16 subjects by Fenwick (1966) found that 
alpha was not significantly related to the eye position sug- 
gested by Mulholland (1967), although a few of the subjects 
did show the hypothesized effect. Furthermore, Kamiya (1967) 
Seaved thal his subjects could learn to control alpha with 
Maer eyes imeche Up or down position. Thus, although the 
fomenoimleniweriects has not been ruled out for all subjects, it 
does not seem to be widespread. Mulholland (1967) recognized 
miaieune Nypovnesized relationship was not characteristic of 


Peiweme ects. Ine sabove research leads to hypothesis two: 
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Soeeucmet COU lOLceODack training produce more alpha than 
Bue yveoepsewitpa no biofeedback training. 
ce loOtee@mmok, nl vereceovates Of Consciousness, Alpha, 

and Performance 

Kripemer (2960) sveted that the implication for bio- 
feedback techniques lies in the creative process. There 
exists annecdotal and clinical evidence suggesting that 
altered states of consciousness may facilitate the creative 
act. By enabling individuals to enter non-ordinary states 
of consciousness, creative ability may be enhanced. Murphy 
(1958) delineated several stages of creative process. He 
designated the first stage as "immersion." The individual 
SeiomuaVvViny COntvemplates the surrounding environment in 
preparation for a synthesis and consolidation of experiences 
mmc CVentlalty Heads to the act itself. Particularly in 
Ene first stage of immersion and contemplation, biofeedback 
Pechnlqgues May provewvo be quite useful. The alpha state 
has often been described as a passive, contemplating type 
Se ewcxperience., sometimes the subject might even experience 
a fusion of himself with the surrounding environment. If a 
wesonmean be talent tO voluntarily attain this type of 
meece. Nis Creative ability might possibiy be facilitated. 

Moreover, there have been several studies on para- 
normal phenomena. Can biofeedback techniques be used to 
Meain such “psi” abilities as "oxtrasensory" perception (ESP)? 
In the studies of Ullman and Krippner (1970); Krippner and | 


Pavuesone ©o70); Honortom (1969); Cavanna (1970), ESP appears 
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Mm MmrcCilmaLabeas it aitered states Of consciousness. Possibly, 
Wecimam MNGi vraual Shifts into a different mental state, he 
becomes temporarily "suspended" from cultural habits and 
societal conditioning and is more amenable to subtle forms 
of communication such as the "extra-sensory." Thus by training 
feeeersom to shiit voluntarily into different states, these 
"extra-sensory" processes may be enhanced. 

tne mCOudave Gemonstrave the complexity of 
Meo area. iIhnere have been Several studies on the relation- 
ship between alpha and ESP (Davidson and Krippner, 1971). The 
mediies are OL1Len Contradictory. For instance, Honorton 
(1969) and Morris (1969) and Cohen (1969) have obtained 
Peoweps suepesting a positive relationship between ESP and 


i Ie 


Piao bovin (19/0),.Carvuone (1971) mcteod that there is 


MD 


negative relationship between ESP and alpha. An attempt has 
been ,made VOmeetevCmElis =plOulem,  Honorton, Davidson, and 
a. (1971), together with other researchers, have attempted 
to obtain more concrete data on the nature of "psyfavorable" 
Braves Of consciousness. 

tae rempavespecen tewer Studies which relate alpha and 
performance. Kamiya (1969) examined EEG recordings for a 
number of speed readers and found they were "producing lots 
Siealpna in strong amplitudes." The power reading process 
MmameOased Off a relaxed flowing, and turning on alpha gives a 
mimiwcareestate of mind. Montor (1971) chose from the Naval 
Academy, two groups of 25 midshipmen each. One group consisted 


Of midshipmen who had cumulative grade point averages between 
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3.50 to 4.00. The other group consisted of midshipmen who had 
PUMlativewerage POMEL averages between 2.00 to 2.25. Montor 
then administered a variety of tests to measure their brain 
Wave activity while resting, solving problems and under stress. 
The results indicated a significant difference in brain wave 
activity between the two groups. The high QPR group produced 
the greater amount of alpha. 

besddc.vhewsuceessiuliassaciations of alpha with per- 
meameance there were also some unsuccessful associations of 
alpha with performance. Kamiya (1971) attempted to determine 
whether subjects trained to control alpha amplitude would 
Paowelimprovement in a performance task if break periods from 
Mimewcask were Used tO maintain high alpha amplitude. The 
reasoning under this hypothesis was that alpha is often regarded 
mtndlecarive of a resting or idling condition which may be 
characteristic of rest periods from performance tasks. 

Five young male adults were given a battery of per- 
formance tasks with a four-minute break period between each 
moi Ine Second g@roup was told to merely wait for four 
minutes between tasks while the experimental group was trained 
tO produce alpha and had four minutes of alpha feedback between 
tasks. The measures were verbal auditory vigilance, rod and 
iene, GUaliord creative intelligence, visual memory, mental 
meeomebic, digic memory Span, and tone tracking. Mier reo tits 
were negative. The conclusion was that the self regulated 
meciealpia break perioddid not facilitate task performance. 

Be2veve 13/7) has studied the effect of alpha feedback 
Tisai Ormacton periormance. in this study, the two 


Measures Of iniermation processing capacity utilized were 
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pore tern (ieTemmenornalelvya ana Choice reaction times. The 
five best alpha-producing subjects were used in the short term 
memory study. Occipital alpha was monitored, and subjects were 
trained to either self-regulate alpha or beta activity. The 
entire experiment was conducted under digital computer control. 
Crucial to the assessment of the effects of auto-regulated 

pea States on information processing, was the determination 
that the desired state was reached before the task was pre- 
SBenvued. On-line computer scanning of the EEG was employed 
meeceding the delivery of information to the subject on each 
ora och trralt Was bepun by an instruction for the subject 
momproduee either the high alpha state or a beta state. A 
Poupucer Lhen began the process of sampling the EEG and 
feeoUrMms One Wave each second to determine its period. When 
the desired EEG pattern was maintained for three seconds, the 
Gigits were presented. The data indicate that there was essen- 
tially no detectable difference in the efficiency with which 
meet Or the subjects process symbol digit strings when those 
fties are presented in periods of occipital alpha or beta 
imeequency activity. 

Tit oiomoedeOryeprescited from the beginning through 
MeetomsecL1Oon Of Fhis paper promoted the following factors and 
Slo vrons.. ne human auditory sensitivity relates to nervous 
Pmtbes, Which are associated with the states of consciousness. 
Fatigue reduces auditory sensitivity. Biofeedback may be 
Peerecuively used in altering states Semcomserousness. — lhe 
alpha state is considered to be a relaxed, wakeful, alert 


state of consciousness. Several studies have related the 
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aipia stave and performance. From a literature review, it 
became evident that no studies empirically related alpha and 
PUGitory sSsensitviviuvy. Verbal reports indicated an alert of 
sensitivity state associated with alpha and this leads to 


we@esthird line of inquiry. 


~ > 


Is the alpha state associated with a change in human 
mrmeoetev seis lyiVitcy:  Ihnat 18, does the auditory threshold 


few during the alpha state? 
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If. METHOD AND PROCEDURES 


Pee DESIGN 
In order to test the hypotheses, a 2 x 2 groups design 


was used as shown below. 


Feedback Non Feedback 
Training Training 
Meditator and 
melaxed Persons Garoup: I Group. il 
Non Meditators GeOoupell Group y 


Group I: Meditators and relaxed persons with biofeedback 
training 


Groupe tt: Nom meditavors with biofeedback training 


reoup Jiimiecdiracors amd relaxed persons without bio- 
feedback training 


Group IV: Non meditators without biofeedback training 
All members of these groups were used to test hypotheses one 
and two. The members belonging to these groups who produced 
high percentage of alpha volume were used to test hypothesis 


three, 


B. SAMPLE 

Because of the substantial amount of time needed for alpha 
Craining sessions, randomization of the sample could not be 
accomplished. Instead, the subjects were all volunteers. 
Subjects being categorized as meditators were the ones who 


Memeo recopnized to have knowledge of meditation techniques 
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and who had been practicing meditation regularly and/or period- 
Pe MiiveeoUbyecha Cavesorized as relaxed persons were the ones 
who were recognized as not being nervous and who state that 
they could empty their mind easily. The composition of the 


Sample is as indicated in Table l. 


Weve lie al 


The Sample Composition 


SO Oy Sex Age Education Meditation Time 


Group 1 1 M SiS College 2 years 
2 M 36 College 10 months 
3 M 31 College 5 years 
i M 27 College Relaxed 
Group 2 S F aS College 2 years 
6 M 48 College 20 years 
7 M 28 College Relaxed 
Group 3 8 M 28 College None 
, 9 M 29 Coilege None 
10 M 38 College None 
Tal M 28 College None 
Group 4 Le M 40 College None 
1.8 M 33 College None 
14 M 34 College None 
5 M yy College None 


C. APPARATUS 


Pee eneoty itestOld oensitivity Testing Equipment 
the auditory threshold sensitivity testing equipment 
Gonsisted of the following: an audio oscillator to generate 
a tone, a@ signal level monitoring device, the subject's head- 


maone and the response annunciators. 
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by Manrpuvatams the signal level monitoring device, 
a tone level generated by an audio oscillator may be varied by 
the experimenter. In using the response annunciator, the 
Subject may give a signal back to the experimenter when he 
faeiiear Gre cannoy hear the given tone. The auditory thres- 
Merowsehisiplvyicvy Cesting Equipment is illustrated in the 


sketch below. 


Impedance = 5 db 
gain 


Audio matching 


Master amplifie 
ate ua tor 


Oscillator 





5, response 
iicimec > Oras - ~~ oa — aaa 


Headphones 





S # 1 response annunciator 
a a eee 





2 response annunciator 
—O 


eee 1 cedvack Hemaoment 
a. Alpha Feedback Device 
The experimenter used voice feedback, since an 
Miroemalved bUZZer was not available. In so doing, the experi- 
menter announced "alpha" to subjects through an intercom systein 
Miemealpha Drain waves appeared on the EEG graph paper or on 


eae oOScililoscope. 





Db. eG BQuipment 
The EEG equipment used for alpha training was the 
Beckman RM recording machine. The brain waves generated by 
subjects were recorded on graph paper and displayed on an 


eecilJoscope. 


D. EXPERIMENTAL PROCEDURES 

The experiment was conducted at the man-machine system 
design laboratory of the Naval Postgraduate School, Monterey, 
PaeriOrnia. There were a total of nine sessions for each 
ameects. 

Wiiewaueneory threshold sensativity test involved two, 
Forty-minute sessions. Each sessions included 20 minutes for 
fmeome.. The length for auditory threshold sensitivity testing 
was 20 minutes. These sensitivity sessions took place on the 
mess and The ninth sessions. The alpha training involved 
seven, 40-minute sessions. Each session included 20 minutes 
Memewiring. the length for alpha training was 20 minutes. 
iiese sessions took place from the second to the seventh 
messions.. 

Pweteerrivaleay the experimental situation, each subject 
Mme moovomly agvisea Of the purpose of the experiment and of 
Miesimporvance to the experimenter of the subject doing his 
best. Moreover, each subject was recommended to make daily 
notes concerning his feelings before, during and after each 
alpha training session. These written impressions were sub- 


mitted to the experimenter at the end of the training period 
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for use in the evaluation of alpha training of each subject. 
In the course of the general briefing, surface electrodes 
serving as EEG pickups were applied to the subjects. The 
electrode wiring consisting of placing the three electrodes 
at ae proper place of the head. For the left part of the 
Meaa., the lirst electrode used as grounding was placed at the 
lower part of the ear lobe (position A,). The second elec- 
trode was placed one inch on the left of the parieto occipatal 
lobe (position O,). The third electrode was placed at one 
mmca to the left of the occiptal lobe (position C3). Houeune 
right part of the head, the electrodes would be applied at 
the position Ay> 0. and Che These position symbols are in 
accordance with the international (10 - 20) electrode place- 
ment conventional system. 

iMiPerder to see if there is any difference in the alpha 
meecdiuctu1on trom the leit Or the right side of the brain, each 
Session, the electrodes were alternatively placed on the left 
then the rigth hemisphere. The subject was, then, moved into 
an 8' x 10' booth which served as an experimental area, seated 
moan easy armchair, and instructed to rest quietly for approx- 
miavely three minutes. in this time, the auditory threshold 
sensitivity testing equipment and brain wave recording appar- 
meus Was hooked and calibrated. At the conclusion of this 
time period, the subject was given detailed instructions for 
his task (presented in Appendix A). 

TOmeeveTiimie ude sauldapory threshold, each subject was 
mieerteteOU avour Now and when CO monitor the response annun- 


mmeavore in C€ach of two sessions of auditory threshold 
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measurement, before the real testing process began, the subject 
had three minutes of practice to use the response annunciator. 

In the first session, subject's auditory threshold was 
measured CMemiteaomiormnal Suave Of consciousness. During the 
Pe -o510m, the subject Was instructed to keep the eyes open 
and to behave normally. The auditory threshold was then 
Measured by method of limits. 

The ninth session was used to measure auditory threshold 
meer alpha stave. The process of measuring auditory threshold 
with the method of limits was the same, as in the first session 
Bae oe rouau vie sud jJeC> Was Instructed to have eyes closed 
and to generate as much alpha as possible. The experimenter 
gave the subject a stimulus when the subject's alpha waves 
Were abundant and continuousiy seen on the BEG graph paper 
Memos thne Oscilloscope. The calculation of the subject's 
Peoeolutre threshold was conducted according to method of 
limits (methods of limits is presented in detail in Appendix B). 

timo pies creaming took place from the second session to 
meewciehth session. Those subjects who were supposed to be 
mealmmed TO produce alpha with biofeedback were instructed 
through the intercom system concerning the signal given by 
mie experimenter. They were told to sit still with closed 
meeomanad tO ury tO relax. These subjects were also told that 
the "alpha" announcement would occur when they produced alpha. 
They were asked to maintain the same state they were in when 


the "alpha" announcement was given. 
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DUgiceusmNiiG Were wstppOsed to be trained in alpha produc- 
tion without biofeedback were told PoOmolvmoti a Iaith) their 
eyes closed. They were also told to relax and to produce 
alpha by themselves. 

The brain waves of each subject were recorded by the pen 
recording of a Beckman RM recording machine. The percentage 
Seolpha of each subject was measured by the experimenter 


after each session. 
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EI gale SOR Rais 


Pee BIOFEEDBACK TRAINING 

The biofeedback training performance of 15 subjects com- 
posed of seven meditators/relaxed persons and eight non 
meditators were evaluated by measuring their percentage of 
alpha production in seven sessions. The data collected in 


Pmese exoeriments are shown in Table II. 


abies 11 


Pewee varenwol nlpha Produced During Each Session 





Meditator & Relaxed Persons Meditator & Relaxed Persons 
With Feedback Without Feedback 
session 53 S5 S3 Sy 35 S¢ S17 
2 18 eZ 50 48 20 58 20 
5 38 ilk) 2 58 26 60 19 
4 30 Ae oO 60 Ol 62 ou 
5 43 ai 59 62 22 70 poe 
6 35 28 63 63 20 64 34 
a 55 32 60 6 3 20 of 39 
8 Wy BO ie 60 29 pie) ie 
Non Meditators With Feedback NormmeMeditavors Wathouv 
Feedback 
2p 2 210 Stal 12 "413 am Sas 
2 8 U3 ie is We, m6 9 lee) 
3 8 re ew 1S 12 al VS t 
h Ls Wy 20, 22 li ite 6 5 
5 20 56 es 2NG. 2 ill 14 2 
6 al 56 5 28 16 Bus ALS dh 
7 fags 48 Uae & 29 18 20 20 lk 
8 30 4 Oe 36 20 ae 16 il! 





Pec omeens On Ot mpercentaze alpha production of meditators 
and relaxed persons with non meditators is illustrated in 
Breures 1 and 2. 

Pao wiesemEevO hte Ures ) ib 1s nobed that the majority of 
the meditators produced a higher percentage of alpha than the 
Meme meditacvors. In supporting this, Figure 3 illustrates the 
Peerage percentage Of alpha production for the two above 
Memctoned proups. An analysis of the significant difference 
between the population means of percentage of alpha produced 
by meditator and relaxed person group Ax.) and non meditator 
group Jy.) were conducted. 

dine Null hypothesis derived from this test which was 
rejected at the 5% level of significance as seen from the 
derived 95% confidence interval, confirms the significant 
Gifference of these two population means. (Details of the 
analysis are presented in Appendix C-ITIa.) 

Moreover, a t test was also conducted and the results are 


Summarized in Table ILI. 


Table III 


T Test Results 


Mean of % D 
of alpha N S t af es 
Meditator & Relaxed 40 df mee. | 6.530 103 O05 
Berson Group 
Non Meditator Group DOS 2 8 106) fate 
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Figure 2. Percentage of Alpha Produced By Non Meditators 
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Meditator & relaxed person group 
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Sessions 


pPusuces3. Average Percentage of Aipha Produced by Meditator 
& Relaxed Person and Non Meaqitaror Groups 


MiesvallemOl bestow In unis table indicates a significant 
difference between the mean percentage of alpha produced by 
the meditators and relaxed persons, and the non meditators at 
.05 level of significance. 

Thus, hypothesis one is then confirmed. 

A comparison of the percentage of alpha production of 
meeyecyos being provided feedback training with subjects not 
given feedback training is illustrated in Figures 4 and 5. 

From these two figures, it is noted that the majority of 
mpmejJects being trained with biofeedback produced a Denver 
Mercenvagze ef alpha than the ones ee trained without feed- 
back. Figure 6 illustrates the net difference between average 


percentage of alpha of these two groups of subjects. An 
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Figure 6. Average Percentage of Alpha Produced By Subject 


Ceeueomeetne Frovided Feedback and Not oe 
Provided Feedback 


analysis of the difference between population means of the 
Siemeencvage Of alpha produced by the group of subjects using 
Diofeedback training (AXx,) and the ones not using biofeedback 
training (AY,) was conducted. 

The Null hypothesis derived from this. test which was 
meyeccved at the Po eovelmor Ss Leirtscance confirmed the 
Significant difference between the two population means. 
(Details of the analysis are presented in Appendix C-IIIa). 

Moreover, a t test was also conducted and the results 
PMeceoummarized in Table IV. 

Wale Aes 0") 


T Test Results 


Mean of % 0 

of alpha N Ss) e af le 
Feedback Group Sisal 8 289.3 Bee omeelOs 51015 
Non Feedback Group 226 ii HOG Leer 


Die 





Piemvclue ot ev Shown adn Taole IV indicates the significant 
difference between the mean percentage of alpha produced by 
Subjects being provided feedback training and the subjects 
mou Detng provided feedback training. 


Wimice hy pOrniesiS two iS confirmed. 


EeeeUMETORnY THRESHOLD SENSITIVITY TESTING 

imeender.t Omemaluate fhewauditory.threshold sensitivity 
under normal and alpha state, five subjects producing the 
Piem@eaespetcentaze Ol alpha were Selected to measure auditory 
threshold during the alpha state. The value of their ascending 
and descending thresholds obtained from these two states are 
emown in Table V. 

From Table V, it iS noted that the ascending auditory thres- 
holds were generally lower during alpha state, while the 
descending thresholds were slightly improved. The values of 
auditory absolute thresholds were computed and presented in 
Table VI. 

Potmeablow/ leo tboe tio NOLeEad that the auditory absolute thres- 
Meds OL all five SUDjJeCctS improved slightly. 

An analysis of the significant difference between population 
Meals Of ~The auditory thresholds sensitivity under normal state 
and alpha state was conducted. 

The Null hypothesis derived from this test, which could not 
MemrPejected at the .05 level of Seo tacance as seen from the 
derived 95% confidence interval indicates that the difference 
Eierhese two population means is insignificant. (Details of 


the analysis are presented in Appendix C-IITa.) 
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Table V 
Ascending and Descending Auditory Threshold Sensitivity 


Under Normal and Alpha State in Relative Units 


Sy So 53 


Observation Normal Alpha Normal Alpha Normal Alpha 


Ascending Ascending Ascending 
"aha M 5 6 7 5 6 
Bye ALS m T 5 6 
5 on 5 5 6 6 6 4 
pe \ 5 6 T 6.5 6 
Descending Descending Descending 
aa g 7 5 - 6 5 
ge 8 5 4.5 T 5 
jas 8 6 a5 \ i Wes 
a 8 5 545 \ 6 6 
Sy S. 
Ascending Ascending 
ee 8 9 8 
ppd 7.5 9 8 
in 7 g 9 6 
a 7 8 g 7 
Descending Descending 
a. 6 5 6.5 7 
ng 6 5 6 6.5 
pe 6 4 7 7 
Sia 6 \ 6 7 
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Moreover, a t test was conducted and the results are 


Smarr zed and presented in Table VII. 


Table VI 
Absolute Thresholds Obtained Under Normal 


and Alpha State in Relative Units 


subject Normal State Alpha State 
Sy 6.06 5.625 
S., peoeD 543 
S3 35 Ue) Sys 
Sy O.02 6415 
S65 fale if 0s 
Table VII 


summarization of T Test Results 


SietareanolOda Analysis Under Alpha and Normal State 


Mean of 5 
ees Las N 5 c ae E 
Threshold Under 
Normal State Ge OG 5 eee los wee N.S.* 
Threshold Under 
Alpha State 5.894 S Lipetire 


Peimot. sienificant 


The t value shown in Table VII had demonstrated the insig- 
nificant difference between thresholds measured under normal 


meuaue and alpha state. 





mone onleolemtiiece ls regected. There is no signifi- 
Soaueaucttbory threshold sensitivity improvement during the 


alpha state as compared with the normal state. 





vee DISCUSSION 


A. BIOFEEDBACK TRAINING 

Significant differences between the percentage of alpha 
production by meditators or relaxed Persels ane nehemedi tar ors , 
Dy subjects being feedback and not being feedback were revealed 
an the results of laboratory experimentation presented in 
Weapcver Lil. 

Evidence was presented which supported the hypothesis that 
Deaievailors er relaxed persons generate more alpha than the 
Mememecartavors. tthe results in Table II indicate that this 
mime rence 1S Statistically significant at the .05 level. 

in reviewing the percentage oO1 aloha production oi each 
Piece t in Pieures 1, 2, 4 and 5, it was noted that some subjects 
belonging to the non meditation group produced a higher per- 
Peete ol alpine Chan some subjects belonging to the meditation 
POD. ib was also noted that some subjects belonging to non 
meecUech raining group produced a higher percentage of alpha 
than some subjects belonging to the feedback training group. 
fer the latter Case, subject six's high alpha production could 
be explained by comparing his meditation time of over 20 years 
Mmomvie MecCitation time of the other subjects which have been 
fest a couple of years. 

Moreover, qualitative data acquired from the subjects' 
Meee ere porl aiver each session, and subjects' written report 


maemo soraining Deriod, if was noted that: 


i ; 





Meditators spending years in meditation may increase or 
decrease the amount of alpha produced daily. 


Meditators who were newly involved in meditation gener- 
aved mom homeszenous amount of alpha, due to their attempt 
Peres wiht eorent techniques of meditation. 


Non meditators being provided feedback enjoyed controlling 
their minds very much. 


Pea OUnesis PONE soe oUpporced by samilar results found by 
different researchers (Kamiya, 1967, 1968; Wallace, 1970) and 
is further justified by Lynch and Paskewitz (1971) when these 
wwo researchers noted that the mental blankness end abstract 
moinking were associated with alpha activity. In additiion, 
By referring back to the psychology of meditation of Zen and 
transcendental meditation, Kasamatsu and Hirai (1969) stated 
that "by practicing meditation, it is said that man can become 
emancipated from the dualistic bondage of subjectivity and 
EemeCeIVicy OL mind and body and of birth and death. And he 
can be awakened to his pure sense and true self." Maharishi 
(1969) emphasized that "TM is neither a matter of concentration 
met convemplatvion. The process of concentration and contem- 
Meration each hold the mind on the conscious thinking level, 
whereas transcendental meditation systematically take the 
PiCmcOmbicCummOurce Ol ChOUght the pure field of creative 
intelligence." These processes in conjunction with the 
meported state of pleasant relaxation of meditator subjects 
in Kamiya's study in 1969 explain further that people who 
have experienced their physiological change may produce more 
alpha than the ons who have not been experienced in these 


states of mind. 





Evidence Was presented which also supported the hypothesis 
that the subjects being provided feedback generate more alpha 
than the subjects not being provided feedback. Table III 
indicates that there is a significant difference at the .05 
level. Feedback seems to produce a marked effect on the 
Mercentase of alpha Peoenred. 

Mito oOrncats tWO Ls supported by Similar results found 
by different researchers. Kamiya (1962), Mulholland and Evans 
(1966), Dewan (1967), Hart (1967) noted that feedback via an 
Peceriat path permits the subjects to receive information 
about processes which are not presented in subjective con- 
maeeowoneso. Or Anstance, subjects are not aware of their brain 
miecimowe. they cannot learn to control the occurrence of alpha 
without feedback. However, with feedback stimulation which 
Me orniowenie SUP )cco when the alpha is off or on, a subject 
can control his alpha rhythm. Simonov and Velueva (1966) 
—eece that control of physiological processes as seen in the 
highly skilled MelcermccoQsOh YOeCoQ Or Iiekhe trance state of 
miesmlysvilc required years of training. The voluntary control 
of these processes may be more efficiently learned using feed- 
Peek wainins permitting an increase in the range of psycho- 
Meertcal experiences associated with physiological changes for 
more people. Feedback presented may act as a Signal or cue 
Meme che person to attend to what his particular condition 
Meets like. Perhaps through rocdiack teem persom can focus 
on the feeling at the moment and learn to recognize that 


mete ana maintain it. 


De, 





pve = cto the verbal report after each experimental session 
and by the investigation of the written report submitted to 
the experimenter after the subjects’ experimental period, it 
is noted that the majority of the subjects expressed the 
feeling of relaxation. This was the same as the other 
Mescarchers who have found from their subjects that the alpha 
state is described as a relaxed state. (Green, 1961; Walters, 
1961; Murphy 1961). However, there were some subjects from 
the non meditator group who generated much alpha, stated that 
they were not relaxed during alpha state. They felt tired 
end some got headaches for four to five hours after each alpha 
Meaiiane session. This leads to the other phsyiological effects 
merween alpha and mental state, which are necessary to be 
mavestigated. 

Finally, some subjects who were meditators expressed the 
feeling that the Zen meditation technique may help to generate 


alpha more easily than the transcendental meditation technique. 


fee RUDETORY SENSITIVITY THRESHOLDS UNDER ALPHA STATE 

The insignificant difference between the population means 
@eeetne thresholds under normal state and alpha state, together 
With the decrease in ascending thresholds under alpha state 
of the five subjects presented in Table V had further supported 
the unsuccessful experimentation results conducted by Kamiya 
(1971) and Beatty (1971) when these two researchers tried tc 
fmemacve alpha to perceptual sensitivity performance. The two 
experiments conducted by Kamiya (1971) and Beatty (1971) were 


meescented in Chapter I, Part D. 
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fiiemireotltowo! ali three studies indicated that merely 
associating a specific physiological state with effective 
Pe rormanece 6s —onceprually Loo Simple. It appears that even 
With a single subject, effective performance can be maintained 
Py Varying psychological states and, indeed, that the internal 
meeve Sioula probably vary depending upon the requirement of 
the particular subject and the particular task. Remember 
Hebb's (1949) on optimal levels of arousal associated with 
Membicular activity. To assume that a particular amount of 
Ppa would alWays be associated with more efficient cognitive 
memeulmoning Goes not seem tenable. Thus, the goals of many 
of the researchers to find physiological correlates of effec- 
tive performance will probably not be successful when taken 
MemOoo 1MGtViduals, even if a4 
Meeiwbaited within a Single individual. 

Pirin wiiiemvaresiola Sensitivity evaluation, it was noted 
wdat, am the ascending threshold measurement phase, when the 
Mmigcoumlrrsu perceived ~The tone given by the experimenter, 
his alpha was blocked. This event agrees with Ornes and 
Paskewitz's (1971) report. These researchers noted that when 
Seven a complex task, subjects trained in alpha control did 
mec OMUImucG FO produce aipha, but instead showed consistent 
@ipia blocking. This phenomenon has been known for many years 
and thus was hardly a new finding. However, listening to a 
meme is fardiy a complex cognitive task. The results in Table 
Pmecnen@en NGb Stabistically different at .05 level of 


menu tecance, are all in the same direction. Perhaps with 
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ete recramiine. cie Gatierence between auditory thresholds 


during normal and alpha states would be larger. 





Ve SUGGESTIONS FOR FURTHER STUDIES 


Because Of the tight resource constraints and the limited 
time available, the study was conducted with a small sample 
eee omacastonmaseconidea I6ss appropriate amount of equip- 
Menicectal Gesirea for Experimenter. Therefore, the study 
made and presented in this paper might be considered as a 
mrLot Study. 

Pimorderesvormexoress a firm conclusion about alpha training 
eaomule relapi0n between alpha and human auditory sensitivity, 
Meri s Suppested that this research be continued with the 
following recommendations. 

ioeeowse ovo larger gproups of subjects COnSiIstine of medi— 
mevOors and non meditators. 

2. Meditators should be selected from the ones who have 
spent many years in meditation and from different types of 
meditation (Zen, Yoga, TM, etc.). 

3. More sessions should be used so that subjects gain 
Memeomce Xperience an tne alpha training process. This should 
Za mom ier lecriuimave teste of the relationship between the 
alpha state and auditory sensitivity. More sessions would 
omiietetse etic taniliarity of the alpha state to the 
Subjects and thus it should make it easier to recognize what 
the alpha state "feels" like. 

4. Biofeedback equipment should use the buzzer instead 


of voice feedback. 
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5. Auditory sensitivity thresholds measurement equipment 
must be adequate and precise. 

6. Give more comfort to the subjects by minimizing noises 
coming from the outside of the experimental booth. 

{. Better equipment to put electrodes on the subject's 


head. 
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APPENDIX A 


INSTRUCTIONS TO SUBJECTS 


ime YOu are foing to be involved in nine sessions of experi-~ 
Memvation in this Laboratory to be evaluated about your 
meoitermy threshold Sensitivity under normal state and alpha 
state, and to be measured in the percentage of alpha generated 
during the alpha training period. Auditory threshold evaluation 
fae cake place Om the first and on the ninth sessions. The 
alpha training period will be from the second to the eighth 
Sesslons. 

mae ou may have your Own ideas about an experiment of this 
type, but you are asked to forget ali tnat you know or have 
Meard and follow instructions are presented to you. 

3. During the experiment, the communication between you and 
the experimenter will be conducted through the intercom system. 
HH, As mentioned in part 1, the first session is the auditory 
Porocmo1a censivivivy testing under normal state. You are 
requested to have eyes opened and pay attention to the tone 
Given by the experimenter through the headphone you wear. The 
meepctimencter will ask you to push the annunciator located on 
mour right or left side of your seat, either when the tone is 
Beever Or When 1t disappears according to the requirement of 

mee experiment. Before the session you will have three minutes 


mempractice this. 
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Dei ronmene secona to the eighth sessions, you will conduct 
ciewalpheamiralmne wrth (without) feedback. During these 
SesolOns, you are asked to sit still and relax as much as 

wou Can. ~~ for those who are supposed to conduct alpha training 
with feedback the voice announcement of "alpha" will be pro- 
vided when you generate alpha. You are asked to recognize 

the alpha state of mind and meso it Cimaimemaer LO Senerate 

as continuous alpha as possible. When you don't hear the 
alpha feedback, calm your mind and relax to regain the alpha 
announcement. For those who are supposed to conduct alpha 
Praining without feedback, you are requested to sit still and 
relax to generate alpha by yourself. 

6. In the ninth session, those who generate high percentage 
Poeatipha Will be askea to participate in tne auditory thres-— 
Zeheseloluivicy Under aloha state. in this session, you are 
requested to have eyes closed and generage as much alpha as 
P@ssible. Like the first session, you will push the annunciator 
when the tone 1S given or when it disappears following the exper- 
imenter's recommendations. 

fe ouring the alpha training period, when you relax, you will 
pomivetall doleep. 50, try to relax, but not to sleep, 
because alpha may only be generated when you are relaxed. 

8. Throughout the experiment, it will be important to notify 
that you minimize body movement. You will probably find it 
Meces sary, WOwever, cto Shift your position from time to time. 
By all means, feel free to do so. The experimenter only asks 


iat whem you must move, fet yourself readjusted comfortably 
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and then to remain still. An occasional movement is much 
better than continuous fidgeting. 

9. After each session, you are requested to note your feelings 
about before, during and after the experiment. This note will 
be submitted to the experimenter at the end of the experimental 
period for use in the evaluation of your alpha training status. 


mOe tnank you for your assistance. Do you have any questions? 
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APPENDIX B 


MEASURING THRESHOLD BY METHOD OF LIMITS 


1. The Problem 

The method of limits is one of the most frequently used 
methods for determining the absolute threshold. In psycho- 
Moyspes,e thie absolute threshold or stimulus limen, is given 
@m Operational definition that corresponds to the value of 
the stimulus that is detected and reported by an observer on 
miity percent of the trials (Corso, 1967). 

tiem undeanecical moOLion 1S That in any psycnological study, 
there are three quantitative variables involved. One of these 
Moran les is On a2 physical or svimulus continuum, the second, 
on a subjective continuum, and the third, on a judgment’ con- 
tinuum. It is assumed that the latter two variables are 
ieneariy and perfectly correlated. This means that, given 
ee elaine Gava On the judgment continuum, implication may be 
Smawieeonrcerning the nature of the occurences on the subjective 
(sensory) continuum. 

It has also been pointed out that a given phsyical con- 
tinuum usually extends from an infinitely small value (theor- 
Sercallo=ipne lover @aimit of Zero) to some finitely large 
iirc tne ante Ol this Continuum is, therefore, so 
great that the organism is incapable of responding either to 
the exceedingly small quantities of the property under con- 


oc meen Or Gemrmc eCxececplLionally large quantities. Thus, 
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the subjective continuum may be considered to be shorter than 
Lae Daysrcal continuum at both ends. 
The concept of the absolute threshold applies to the lower 

Sma Of the phsyical continuum. it is the value on the physical 
Serva nuum which separates the stimuli that are not capable of 
Efecitame a behavioral response from those that are. At the 
tipper end of the physical continuum, the terminal stimulus, 
Srecerminal! timen, 28 a value on the continuum which separates 
the stimuli that are capable of eliciting a behavioral from 
Miermulloueare mou. In elther case, there is an underlying 
meme Ol Uransitt210n On the Subjective continuum which leads 
to a change in the type of behavioral response made by the 
meserver. 

ie siermon Olea, zone Of Lransitczon implies that the exact 
Pee tOnwOleuile adosoluce Chreshold varies from moment to moment 
Poemeasured OVEr a 2iven portion Of the physical continuum. 
mie Variation may be due to a large number of factors such 
as extraneous "noise" in the nervous system, fluctuations 
MmnmonvemtUtom. Chanm@e in the criterion of response and so on. 
mae resulc 28 that random variations in sensitivity are invari- 
fey Observed in psychophysical experiments. Consequently, 
peOuneer Ol ObServations must be made in determining the thres- 
mora Valve. Ihnis @enerates a distribution of observations 
moe ecncOMpass the transition zone. On the basis of this 
oc reiDuerton.,. vne Stimulus Jimen is given a statistical 
definition. It corresponds to the central tendency (usually 


Miemeiteemiret ac mean) Of the Gistribution of observations. 
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Ze ee Procedure 

Peao LemGeemareenciy Ol the method of limits is that the 
Stimulus must be variable in small discrete steps of equal 
Paysical magnitude. This PeoGmeometbais Casily met in the 
eerie sor agsolute threshold for tone. The experimenter 
Mieacenivs a series Of Stimuli, each differing by a small amount 
meen tiie preceding ene. For each stimuli in the series, the 
-~ocrimenter records the response of the observer. 

iW tne determinatiwon of an absolute threshold, two kinds 
Sf esovimilns serzes are generally employed: an ascending series 
meoma descencineg series. In the ascending series, the initial 
stimulus of the series is presented well below the threshold 
eeCemom Cac sucCceding trial, the experimenter increases the 
fe anlemon cic GemeiuIwWesby & constant small step until. the 
Secerver detects the presence of the stimulus and gives a 
eevee mem OMee. ll the descending series, the initial 
Peomulus Of tlle Series 1S presented well above the threshold 
ena, on the suceeding trial, the experimenter decreases the 
Maesnipude of the stimulus by constant small steps until the 
Seect ver Can no longer detect the presence of the stimulus 


rm Mveomammetative report. Hach series is stopped as soon 


1! 1 ott 


as the observer's report changes from weno. - sor 1rom 
to "+" depending on the direction of the series. 

In determing a threshold value, the experimenter usually 
employs several ascending and descending series. These two 


types of series may be presented in alternation: for example, 


descending, ascending, descending, ascending. They could 
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also be presented in a prearranged sequence, with the total 
number of ascending trials being equal to the total number of 
descending trials. 

The use of both ascending and descending trials tends, in 
PiemcCOMpuraLtom Of bpne absolute threshold, to cancel out two 
constant errors which may occur in the method of limits. These 
mre vLne error of habituation, in which the observer eons to 


give the same response for too many trials within the given 


! " "1 "1 


series for example, “yes ina descending series and “no” in 
an ascending series and the error of expectation in which 

the observer prematurely changes his response from negative 
to positive, or from positive to negative, because he thinks 
pec manee should have occurred in view of the number Gf - triais 
Sr the amount of time that has elapsed since the beginning 


Peeeene particular series. 


see (ne Computation 

TO—eelUsteave Che computation of the absolute threshold 
mace Mmepnod Of limits, suppose than an experiment has. been 
merformea to determine the auditory absolute threshold. Assume 
Biers Dyemeans Of a SOUNd generator, a series of graduated 
Pounds Was provided to an auditory system in accordance with 
Bie cequirement ci the method of limits. Assume also that 
tae results for one observer in such an experiment are in 
eee olen onoune below sin witch the magnitude of the stimulus 
meespeciiied in decibels. The “+" sign indicates a positive 


report, and the "-" sign indicates a negative report. 
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Determination of the Auditory Absolute Threshold 
By Method of Limits 
Givectrci ous Data) 


Sti- 
mulus 
Ig 
Deci- 


Pee Pescencing Ascending Descending Ascending Descending Ascending 


= 
~] 
Ltt tteetets 
ltt ttetetet 


pa 
N 
ate 
Pte ttt 


Thres- Ikea ede 9.5 eee 5 12.5 hes 
mold 
series 


Descending threshold Gieeoet 9.5 4 12°05)/73 = 11.8 decibels 


Ascending threshold Cees 5 05 )/3= 11.5 decibels 


Absolute threshold Pelee Gd il. 5) /2 + 11.65 decibels 


iietemdrcnvltee Gescending and three ascending trials pre- 
memvea Jn alteration. Each series yeilds a threshold value. 
This value is taken as the midpoint between the stimulus magni-~ 
tude which terminates a series and the stimulus magnitudes 
Mmanediavely preceding it. For instance, in the first descending 
Meeaieodowm rn the table, the absolute threshold is taken to 
ese oecdecibels. However, a more reliable estimate of thres-— 


Meorecmilayebe OoGaIined bY a@veraging the values obtained in each 
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Of tie six Series. A common procedure for doing this is to 
average the threshold values for all descending series to 
obtain a descending threshold, and to average the threshold 
values for all ascending series to obtain an ascending thres- 
hold. The absolute threshold is then obtained by finding the 


mean of these two estimates. 


= 
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APPENDIX C 
Table IIa 


Statistical Analysis of significant difference between popu- 
lation mean of percentage of alpha produced by meditator and 


relaxed person and non meditator groups. 


a. 

Xn = percentage of alpha produced by each meditator and 
relaxed person in each session 

Y, = percentage of alpha produced by each non meditator in 
each session 

UX, = population mean of percentage of alpha produced by 
meditators and relaxed persons 

uy, = population mean of percentage of alpha produced by 
mee meditators 

ie 3 _ 

med, = 935165 m, = de 

wa A A 

i=] | 

Be. 5 7 

2 i = 32,067 Yo “=c2002 
A A 

=) 

49 
2 = 2 
: Xy ~ NOX, 


Bao) cae 78 400 


i 9 
s ¢ = = 23:f02 Te wee = 320.1 
Xp 48 


56 = 
Me 560, 
pee = 82076 — 22,850 _ 167.7 
Ya Do a. , 
Cy] t= (iy, = ly,) 
. A A A A 
Under Hp: ee Crem oepprox N(0,2) 
ie ea 
1a m 


74 





95% confidence interval for (u ee SS 
Xn tA 





4g : é 
S + ae 
Xn Yy 











_ “aA a il at 
(Xp, - Yq) Be Le 6 0 = + < oe Oe 
NO - 20.2 + 1.96 x 15.4 x 0.195 ~ |p 5385, + 22286 
HOSE. +. Seco 2 15.4 
Gis. 92. 25 60) 7 7 
ce ee 1 eet? 
Null hypothesis for Hy. = Wy is rejected 
A A 
2. t test 
Xp -- tT) 
1B = 
2 °C 
(n-1)S,° + (m-1)S 
Xa a 
ntm-1 
U@m— 2042 

eS «SO6 530 

(48) (320.1) + (55)(167.7) (1 4 1) 

103 Wo 56 

£ % = 1.986 
af = ntm-2 = 103 | 


PS: OD 


MH, is rejected at .05 level of significance 





Table Jlila 
Statistical Analysis of significant difference between 
population mean of percentage of alpha produced by subject 


group being feedback and not being feedback. 


AL. 
Xp = percentage of alpha produced by each subject being 
feedback in each session 
Tp = percentage of alpha produced by each subject not being 
feedback in each session 
x = population mean of percentage of alpha produced by 


B subjects with feedback 


population mean of percentage of alpha produced by 


Yp subjects without feedback 
a 86 4 a 4 
xX. = Or, ) OL eG re 
= B B 
4g 7 : 
ee = 39 767 Y, = 22. 
t=1 B B 
56 
E X,° - 56%,° ’ 
S 2 Naam at S SOO Ovni 289, 3 
Xp 55 55 
49 
a ~ 49¥,,° 
2 ee 39,767 ~ 25,027 


Sy a = Sea ae a0 720 


(X, - Yp) - (uy - wy) 4 


B B ov tna approx N(0,1) 


Under H 





95% confidence interval for (Hy - Wy acs 
a): B 





Sars, 





Q 
li 


eG = 2256 * 2.96 x 17.2 x 0.195 


103 
ike 6.57 





= 17.2 
Gorn 23, ome) 
al uk 7 
a +. = = 0.195 
Null hypothesis for Uy = Wy is rejected. 
B B 
Ze tC. test 
Xp - tp 
G = 
(n-1)S,,° + (m-1)S,° 
B B (i + 1) 
nt+m-2 n m 
7 Sees 
(CHIC e EC IO yy are ay 
103 56 «4g 
ws 55 es 
df = ntm-2 = 103 
t* = 1.986 
P= 005 


Ho is rejected at 0.05 level of significance. 
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Table Via 


Statistical analysis of significant difference between 


population mean of thresholds under normal state and alpha 


State. 
ie 
Xo = threshold of each subject measured in each trial in 
poll O07) ieee aleattal C - 
Yo = threshold of each subject measured in each trial in 
alpha state 
X = population mean of threshold measured in normal state 
C 
Yo = population mean of threshold measured in alpha state 
Lo 5 = 
oo Xx =e | OO. 25 X, = 6.408 
‘= C G 
=] 
Lo 5 = 
> Yo = 1,498 Yo = 5,894 
{=] 
LO 
5 i ~ ho Kee 
g ee, Le eC we. 1,642.4 = 1.98 
X 39 39 ° 
LO 
, 7% ~ 40 hag 
a toe aes 2 Eo See 78 
‘ a ; 
ee 8) = iy = Ly.) 
C C C Ge 
Under Ho: — t tem—-2ePProx NCO cea 


Hae 





95% confidence interval for (Hy - Uy ) is 
C 


am ae il — C 
peice 5,094 + 1.96 x1.54 x 0.223 _ ROR as OD 
dl as one 


(-0.1759 1.87) 


Null hypothesis for u - cannot be rejected at .05 level 


u 
Xo YG 


@r Significance. 








Bae) & test 
= Xo - Yo 
g 2 
(n-1)5, + (m-1)Sy 
C C ee oe i) 
ntm—2 n m 
6.408 - 5.894 
remap esA78)) 
78 ieee Yo) 
ime | slaete 
tae eal Se 


df = ntm-2 = 78 


Be CeO 


Hy is not rejected at .05 level of significance. 
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